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Summary. Background: Evidence on socioeconomic inequali-
ties in coronary heart disease (CHD) and their pathways in the
elderly is limited. Little is also known about the contributions
that novel coronary risk factors (particularly inflammatory/
hemostatic markers) make to socioeconomic inequalities in
CHD. Objectives: To examine the extent of socioeconomic
inequalities inCHD in older age, and the contributions (relative
and absolute) of established and novel coronary risk factors.
Methods:A population-based cohort of 3761 British men aged
60–79 years was followed up for 6.5 years for CHD mortality
and incidence (fatal and non-fatal). Social class was based on
longest-heldoccupation recordedat 40–59 years.Results:There
was a graded relationship between social class and CHD
incidence.Thehazardratio forCHDincidencecomparingsocial
class V(unskilledworkers)withsocialclass I(professionals)was
2.70 [95% confidence interval (CI) 1.37–5.35; P-value for
trend = 0.008]. This was reduced to 2.14 (95% CI 1.06–4.33;
P-value for trend = 0.11) after adjustment for behavioral
factors (cigarette smoking, physical activity, body mass index,
and alcohol consumption), which explained 38%of the relative
risk gradient (41% of absolute risk). Additional adjustment for
inflammatory markers (C-reactive protein, interleukin-6, and
von Willebrand factor) explained 55% of the relative risk
gradient (59%of absolute risk). Blood pressure and lipidsmade
little difference to these estimates; results were similar for CHD
mortality. Conclusions: Socioeconomic inequalities in CHD
persist in the elderly and are at least partly explained by
behavioral risk factors; novel (inflammatory) coronary risk
markersmade some further contribution.Reducing inequalities
in behavioral factors (especially cigarette smoking) could reduce
these social inequalities by at least one-third.
Keywords: coronary heart disease, coronary risk factors, older
age, social inequalities.
Introduction
Coronary heart disease (CHD) is an important cause of
morbidity andmortality; the incidence and prevalence of CHD
both rise steeply with increasing age [1]. Although there is a
strong social class gradient in CHD risk inmiddle age [2–6], the
extent of social inequalities in CHD in old age is not well
established, and their implications for relative and absolute
differences in CHD risk remain uncertain. Some reports
suggest that the relative differences in overall and CHD
mortality between socioeconomic groups may decrease with
increasing age [3,6,7]. However, evidence specifically related to
social inequalities in CHD in old age is limited.
The pathways through which social inequalities in CHD can
operate in older age also remain uncertain. In middle age,
established coronary risk factors, including smoking, physical
inactivity, obesity, and hypertension, make appreciable,
although limited, contributions to socioeconomic inequalities
in CHD risk [8,9]. Novel risk factors, including inflammatory
and hemostatic markers, are known to be associated with
increased risk of coronary disease [10]. Some of these inflam-
matory markers, such as C-reactive protein (CRP), are also
reported to be higher in lower socioeconomic groups, and
therefore are increasingly hypothesized to be possible contrib-
utors to the association between socioeconomic position and
CHD [11–13]. A study in middle-aged subjects has suggested
that inflammatorymarkers such as fibrinogen can contribute to
Correspondence: Sheena E. Ramsay, Department of Primary Care &
Population Health, UCL Medical School, Rowland Hill Street,
London NW3 2PF, UK.
Tel.: +44 20 78302335; fax: +44 20 77941224.
E-mail: s.ramsay@pcps.ucl.ac.uk
Re-use of this article is permitted in accordance with the Terms and
Conditions set out at http://www3.interscience.wiley.com/author
resources/onlineopen.html
Received 6 July 2009, accepted 31 August 2009
Journal of Thrombosis and Haemostasis, 7: 1779–1786 DOI: 10.1111/j.1538-7836.2009.03602.x
 2009 International Society on Thrombosis and Haemostasis
the relationship between socioeconomic position and CHD
[14]. However, there is little information on these associations
in later life.
A better understanding of the extent of social inequalities in
CHD risk in later life (assessed both in relative and in absolute
risks) and the role of underlying factors would inform
appropriate initiatives and policy action to reduce health
inequalities in older age. We therefore examined the extent of
social inequalities in CHD incidence and mortality, using a
prospective population-based study comprising older British
men (aged 60–79 years). We also investigated the extent to
which established behavioral [cigarette smoking, alcohol con-
sumption, body mass index (BMI) and physical activity] and
biological coronary risk factors (blood pressure and lipids) [15],
and novel coronary risk factors [CRP, interleukin-6 (IL-6), and
von Willebrand factor (VWF)] [10,16], contribute to socioeco-
nomic differences in CHD in older men in both relative and
absolute terms.
Materials and methods
Study design and population
The British Regional Heart Study is a prospective study of
cardiovascular disease comprising a socially and geographically
representative sample of men initially examined in 1978–1980
when aged 40–59 years, drawn from one general practice in
each of 24 towns representing all major British regions [5]. In
1998–2000, the men, then aged 60–79 years, were invited to a
20-year reassessment, which included completion of a ques-
tionnaire, physical examination, and collection of a blood
sample after a minimum 6-h fast; 4252 men (77% of surviving
subjects) attended the examination, and 4094 men (74%) had
at least one measurement of biological factors. For this report,
follow-up data for CHD incidence and CHD mortality from
1998–2000 until 2006 was used. CHD incidence included non-
fatal and fatal myocardial infarction (MI). Non-fatal MI was
defined by the presence of at least two of the following
characteristics, ascertained by regular 2-yearly reviews of
general practitioner records – severe prolonged chest pain,
electrocardiographic evidence of MI, and cardiac enzyme
changes consistent with MI. Data on mortality were obtained
throughout the follow-up from the National Health Service
Central Register. Fatal MIs were identified as deaths with
International Classification of Diseases, 9th revision (ICD-9)
codes of 410–414 (equivalent to ICD-10 codes I20–I25).
Social class
The longest-held occupation of subjects at study entry (aged
40–59 years) was used to define social class using the Registrar
Generals Social Class Classification – I (professionals, e.g.
physicians and engineers); II (managerial, e.g. teachers and
sales managers); III non-manual (semiskilled non-manual, e.g.
clerks and shop assistants); III manual (semiskilled manual,
e.g. bricklayers); IV (partly skilled, e.g. postmen); and V
(unskilled, e.g. porters and general laborers). Information on
social class was not available for eight subjects. Men in the
armed forces were excluded from analyses [112 (2.6%)].
Therefore, information on social class in these analyses was
restricted to 4132 men.
Behavioral and biological risk factors
Through the combination of information collected in 1998–
2000 and previous questionnaires, subjects were classified as
never smokers, long-term ex-smokers (> 20 years), ex-smok-
ers who stopped smoking 15–20 years ago, ex-smokers who
stopped smoking 10–15 years ago, ex-smokers who stopped
smoking 5–10 years ago, ex-smokers who stopped smoking
within 5 years, and current smokers [17]. On the basis of their
alcohol intake in 1998–2000, subjects were classified as follows:
none, occasional (< 1 drink per week), light (1–15 drinks per
week), moderate (16–42 drinks per week), and heavy
(> 42 drinks per week – daily or most days of the week)
[17]. One drink was defined as half a pint of beer, a glass of
wine, or a tot of spirit (8–10 g). Physical activity scores based
on frequency and type of activity were as follows: none,
occasional, light, moderate, moderately vigorous, and vigorous
[18]. None/occasional activity was classified as inactive. BMI
was calculated as weight per height squared (kg/m2). Measure-
ments of blood pressure, triglycerides, high-density lipoprotein
cholesterol (HDL-C) and low-density lipoprotein cholesterol
(LDL-C) have been described previously [17].
Novel coronary risk factors
Details of CRP, IL-6 and VWF have been described previously
[19]. CRP and IL-6 were chosen because these inflammatory
markers have been reported to be novel coronary risk factors
[16,20], and are increasingly being hypothesized to be possible
explanations for socioeconomic inequalities in CHD [13,21,22].
The association of VWF with social class has been previously
observed to be independent of established coronary risk factors
in our subjects [19].
Statistical analyses
Triglyceride, CRP and IL-6 distributions were positively
skewed and required log transformation. Cox proportional
hazards models were used to calculate hazard ratios with 95%
confidence intervals (CIs) for CHD incidence and mortality
according to social class. Social class I was the reference
category. Social class was also fitted as a continuous variable in
the Cox models to obtain regression coefficients and hazard
ratios (95% CI) per unit increase in social class and theP-value
for trend associated with this. The proportionality assumption
for the Cox models was assessed by testing the Schoenfeld
residuals [23], and was found to be valid. Cox models included
age and behavioral risk factors, and were further adjusted for
biological risk factors. Novel risk factors (CRP, IL-6, and
VWF) were individually added into the model to assess their
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contribution in addition to behavioral factors. For the
adjustments, age, BMI, systolic blood pressure, triglycerides,
LDL-C, HDL-C, CRP, IL-6 and VWF were fitted as
continuous variables; social class (six levels), smoking (six
levels), physical activity (five levels) and alcohol intake (five
levels) were fitted as ordinal variables.
The contribution of risk factors to the relative social class
difference was calculated with the formula [(b0 ) b1)/b0] · 100,
where b0 was age-adjusted log hazard ratio per unit increase in
social class, and b1 was log hazard ratio adjusted for different
risk factors. Survival probability at 6.5 years, the mean survival
time, was calculated for each social class by applying average
levels of age and risk factors to all social classes in each of the
above models. Event probability for CHD incidence and
mortality was calculated as 1 – survival probability, expressed
as a percentage. Absolute social class difference explained by
risk factors was calculated with the formula [(AD0 ) AD1)/
AD0] · 100, where AD0 was the age-adjusted absolute differ-
ence in event probability between social classes I and V, and
AD1 was the difference in event probability between social
classes I and V adjusted for different risk factors. Approximate
95% CIs for the estimates of relative and absolute risk
explained in each model were calculated using bias-corrected
bootstrap resampling of size 1000 to estimate the upper and
lower limits [24].
Population attributable risk fraction (PARF) comparing
manual with non-manual social class was calculated for CHD
incidence and CHD mortality, using the formula p(RR ) 1)/
[1 + p(RR ) 1)], where pwas the proportion of manual social
class in the study population, and RR was the relative risk for
CHD for manual as compared with non-manual social classes
(hazard ratios from Cox regression models were used for the
relative risks). PARF adjusted for coronary risk factors was
obtained using hazard ratios adjusted for the different risk
factors. All analyses were carried out using SAS (version 9.1
(version 9.1, SAS Institution Inc., Cary, NC, USA)) and STATA
(version 10.1, StataCorp, College Station, TX, USA).
Results
Among 4132 men aged 60–79 years who attended the re-
examination, complete information on all coronary risk factors
was available for 3761. The age and social class distribution of
this group did not differ from that of 371 men with missing
data; both groups had a mean age of 69 years and contained
48% of subjects of non-manual social classes. The proportion
of smokers was slightly greater (15%) in the groupwithmissing
data than in the group without missing data (12%); mean BMI
and systolic blood pressure were similar in the two groups.
Missing information was largely due to unavailability of blood
measurements in men who declined to provide blood samples.
Among 3761 men, 274 incident (non-fatal and fatal) CHD
cases had occurred over a mean 6.5 years of follow-up, of
which 191 were CHD deaths. Table 1 shows the distribution of
coronary risk factors across social class groups. Greater
percentages of current smokers and physically inactive and
obese men, but a lower percentage of never smokers, were
observed in manual than in non-manual social classes. Men of
manual social classes had higher mean levels of triglycerides,
CRP, IL-6 and VWF and lower levels of HDL-C than non-
manual groups.
Table 2 shows hazard ratios (with 95% CIs) for CHD
incidence and mortality according to social class and the effect
of adjustment for risk factors. A social class gradient in the risk
of CHD incidence andmortality was observed, with the hazard
ratio increasing from social class I (professionals) to social
Table 1 Social class distribution of behavioral and biological coronary risk factors and inflammatory markers in British men aged 6079 years in
19982000
Social class I
(n = 372)
Social class II
(n = 1035)
Social class III
non-manual
(n = 381)
Social class III
manual
(n = 1525)
Social class IV
(n = 336)
Social class V
(n = 112)
Current smokers, n (%) 23 (6) 90 (9) 35 (9) 234 (15) 72 (21) 13 (12)
Never smokers, n (%) 181 (49) 349 (34) 131 (34) 341 (22) 86 (26) 24 (21)
Heavy/moderate drinkers, n (%) 91 (25) 206 (20) 55 (15) 267 (18) 57 (17) 25 (23)
Physically inactive, n (%) 92 (25) 298 (30) 138 (37) 520 (36) 131 (40) 51 (47)
Mean BMI [kg m)2 (SD)] 26.2 (3.39) 26.7 (3.52) 26.8 (3.53) 27.3 (3.81) 27.1 (4.09) 27.6 (4.19)
Obese (BMI > 30 kg m)2), n (%) 40 (11) 140 (14) 56 (15) 288 (19) 64 (19) 28 (25)
Mean systolic blood pressure [mmHg (SD)] 148 (25) 149 (25) 150 (23) 149 (24) 150 (25) 149 (24)
Geometric mean triglycerides [mmol L)1
(95% range)]
1.51
(0.63–3.65)
1.55
(0.65–3.66)
1.62
(0.67–3.91)
1.66
(0.66–4.17)
1.57
(0.6–4.09)
1.58
(0.54–4.63)
Mean HDL cholesterol [mmol L)1 (SD)] 1.40 (0.37) 1.34 (0.33) 1.31 (0.33) 1.30 (0.34) 1.33 (0.34) 1.30 (0.38)
Mean LDL cholesterol [mmol L)1 (SD)] 3.93 (0.97) 3.91 (0.99) 3.93 (0.98) 3.88 (0.97) 3.86 (0.97) 3.89 (0.83)
Mean cholesterol [mmol L)1 (SD)] 6.06 (1.07) 5.99 (1.08) 6.04 (1.10) 5.99 (1.07) 5.94 (1.09) 6.01 (1.15)
Geometric mean CRP [mg L)1
(95% range)]
1.23
(0.16–9.25)
1.50
(0.18–12.44)
1.86
(0.22–16.06)
1.97
(0.22–17.66)
2.17
(0.23–20.29)
2.00
(0.21–18.73)
Mean VWF [IU dL)1 (SD)] 132 (45) 135 (45) 141 (45) 142 (46) 151 (47) 153 (53)
Geometric mean IL-6 [pg mL)1
(95% range)]
1.97
(0.60–6.52)
2.23
(0.63–7.80)
2.48
(0.69–8.88)
2.69
(0.71–10.20)
2.75
(0.78–9.63)
2.80
(0.68–11.49)
BMI, body mass index; CRP, C-reactive protein; HDL, high-density lipoprotein; IL-6, interleukin-6; LDL, low-density lipoprotein; SD, standard
deviation; VWF, von Willebrand factor.
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class V (age-adjusted P-value for trend was 0.008 for CHD
incidence and 0.02 for CHD mortality). In age-adjusted
analyses, social class V (unskilled workers) had more than
two and a half times increased incidence and mortality from
CHD as compared with social class I. Age-adjusted CHD risk
(incidence andmortality) increased by about 1.14 for every unit
increase in social class (Table 2). Adjusting for behavioral risk
factors attenuated this increased risk of CHD incidence and
mortality; most of this attenuation (20%) was caused by
cigarette smoking. Behavioral risk factors explained 38% (95%
bootstrap CI 12–166%) of the increased hazard ratio for CHD
incidence and 39% (95% CI 8–236%) of that for CHD
mortality in lower social class groups. Further adjustment for
biological risk factors did not alter these results materially.
Adjustment, individually for CRP, IL-6 or VWF in addition to
behavioral risk factors, further attenuated the effect of social
class – CRP contributed to 46%, and IL-6 and VWF
contributed to 47%, of the relative difference in CHD incidence
between social class groups. All of the behavioral, biological
and novel coronary risk factors together explained 55%
(95% CI 22–214%) of the increased hazard ratio for CHD
incidence, and 56% (95% CI 15–273%) of the hazard ratio for
CHD mortality in lower social classes.
The event probability for CHD incidence and CHD
mortality at 6.5 years was graded according to social class
(Table 3); social class I had the lowest event probability, and
social class V had the highest. Adjustment for behavioral risk
factors explained 41% (95% CI 18–132%) of the absolute risk
difference between social classes. Further adjustment for
biological risk factors did not substantially add to the
contribution of behavioral factors. In addition to behavioral
risk factors, adjustment for CRP explained 49%of the absolute
social class difference, and IL-6 and VWF explained 51% each.
All of these risk factors together contributed 59%
(95% CI 33–312%) of the absolute social class difference in
risk of CHD incidence, and 63% (95% CI ) 153–162%) of
that for CHD mortality.
Table 4 shows PARFs from manual social classes for CHD
incidence and CHD mortality; these indicate the population
risk for CHD incidence or mortality attributable to the excess
risk in manual as compared with non-manual social classes.
Table 4 also shows the PARF for CHD adjusted for different
risk factors and the contribution of these risk factors to
reducing the PARF from manual social class. The PARFs for
manual vs. non-manual social classes were 12% for CHD
incidence and 15% for CHD mortality. Adjustment for
behavioral risk factors reduced the PARFs to 7% for CHD
incidence and 10% for CHD mortality, thus accounting for
41% of the PARF (manual vs. non-manual groups) for CHD
incidence and 34% of that for CHD mortality. Further
Table 3 Event probability at 6.5 years for coronary heart disease (CHD) incidence and mortality and the contribution of established and novel coronary
risk factors to the absolute social class difference in event probability
Social class
Age-
adjusted
Age and
behavioral
factors*
Age, and
behavioral
and biological
risk factors
Age,
behavioral
factors,
and CRP
Age,
behavioral
factors, and
IL-6
Age,
behavioral
factors, and
VWF
All risk
factors
CHD incidence
I 4.74 5.08 4.92 5.12 5.12 5.16 5.05
II 5.38 5.50 5.33 5.49 5.48 5.52 5.35
IIINM 6.11 5.95 5.78 5.88 5.86 5.91 5.67
IIIM 6.93 6.44 6.26 6.30 6.71 6.32 6.01
IV 7.86 6.96 6.78 6.75 6.55 6.75 6.37
V 8.90 7.53 7.34 7.23 7.17 7.22 6.75
Percentage attenuation in
absolute difference between
social classes I and V after
adjustment for risk factors
41% 42% 49% 51% 51% 59%
CHD mortality
I 2.85 2.91 2.81 2.91 2.87 2.95 2.83
II 3.27 3.17 3.07 3.13 3.08 3.17 3.01
IIINM 3.75 3.45 3.34 3.37 3.32 3.40 3.20
IIIM 4.30 3.75 3.65 3.64 3.56 3.66 3.40
IV 4.92 4.07 3.98 3.92 3.83 3.93 3.62
V 5.63 4.43 4.34 4.22 4.12 4.22 3.85
Percentage attenuation in
absolute difference between
social classes I and V after
adjustment for risk factors
45% 45% 53% 55% 55% 63%
CRP, C-reactive protein; IL-6, interleukin-6; VWF, von Willebrand factor. *Behavioral factors included smoking, alcohol consumption, physical
activity, and body mass index. Biological risk factors included systolic blood pressure, triglycerides, low-density lipoprotein cholesterol, and
high-density lipoprotein cholesterol. (AD0 ) AD1)/AD0 · 100; AD0 is age-adjusted absolute difference in event probability between social
classes I and V; AD1 is absolute difference in event probability adjusted for risk factors.
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adjustment for biological risk factors did not alter these
attributable risk fractions. Adjusting for CRP, IL-6 and VWF
individually in addition to behavioral factors further reduced
the PARF slightly; all together, these risk factors with
behavioral factors explained 56% of the reduction in PARF
from manual social class for CHD incidence and 52% of that
for CHD mortality.
Discussion
In this prospective study of men aged 60–79 years, marked
socioeconomic inequalities in CHDwere present in older age; a
nearly three-fold greater risk of CHDwas present in the lowest
than in the highest social class, and the absolute difference was
4%. Appreciable proportions of both increased relative and
absolute risks were explained by behavioral factors, especially
cigarette smoking, and also BMI, physical activity, and alcohol
consumption. Novel coronary risk factors, including CRP, IL-
6 and VWF, also accounted for some of the CHD inequalities
in older age.
Toour knowledge, this is the first study reporting relative and
absolute contributionsof establishedaswell asnovel risk factors
to social inequalities inCHDrisk in older subjects (60–79 years)
with a mean age over 65 years. This study was carried out in a
socioeconomically representative cohort of older British men
with a high completeness of follow-up (98%; loss to follow-up
was mostly due to emigration from the country). Missing data
for a small proportion of subjects (n = 371; 9%) may have
resulted in bias due to selection of healthier subjects, although
this is unlikely, as themain reason formissing data was subjects
declining to provide blood samples. Moreover, the distribution
of social class andother characteristics, including age, BMI, and
systolic blood pressure, was similar in subjects with andwithout
missing data. The social class measure used, based on longest-
held occupation during middle age (40–59 years), is a particu-
larly stable indicator of socioeconomic position during adult life
through to old age; a repeat assessment of social class before
retirement indicated a very low proportion (8%) of marked
social class change [25]. The use of such a measure overcomes
the difficulties of measuring social class directly in later life
[26]. However, the study population comprised only men,
mostly White Caucasian, thus limiting the generalizability of
findings to women and other ethnic groups. Given the dynamic
nature of the association between socioeconomic position and
coronary risk, which differs across time and place [27–29],
caution needs to be exercised in applying the findings of this
study, particularly in countries with economies in transition.
Nevertheless, our findings are consistent with other studies
showing socioeconomic differences in coronary risk and risk
factors in other ethnic groups [6,30,31] and older women [32–
34]. Although limited numbers of events resulted in wide
bootstrap CIs, it is nevertheless useful to have estimates to
quantify the likely contribution of coronary risk factors to
socioeconomic inequalities in CHD.
The presence of social inequalities in CHD in older age in
our study is consistent with previous studies, which reported an
approximately 50% increase in relative risk of CHD in lower as
compared with higher socioeconomic groups [7,33,35]. Previ-
ous studies in older populations have not reported the
magnitude of socioeconomic differences in CHD in absolute
terms. In the present study, the absolute difference in CHD risk
between the highest and lowest social classes was 4%; for every
100 men followed up for a mean period of 6.5 years in each of
the highest and lowest social classes, four extra CHD events
were expected in the lowest social class group.
Social class differences in behavioral risk factors, including
cigarette smoking (the most important single factor), physical
inactivity, BMI, and alcohol consumption, made an important
contribution to explaining the increased relative (38%) and
absolute (over 40%) risk of CHD in lower social classes. In an
older Swedish population, adjustment for coronary risk factors
(smoking, physical activity, BMI, hypertension, and diabetes)
attenuated this increased risk [33], whereas in a study
comprising older Danish men (mean age 63 years), adjustment
Table 4 Population attributable risk fraction (PARF) from socioeconomic differences between manual and non-manual social class for coronary heart
disease (CHD) incidence and mortality
PARF
Age-
adjusted
Age and
behavioral
factors*
Age, and
behavioral
and biological
risk factors
Age,
behavioral
factors, and
CRP
Age,
behavioral
factors, and
IL-6
Age,
behavioral
factors, and
VWF
All risk
factors
PARF (%) – CHD
incidence
12 7 7 6 5 6 5
% PARF explained by
risk factors
41 41 52 56 52 56
PARF (%) – CHD
mortality
15 10 10 9 7 9 7
% PARF explained
by risk factors
34 34 43 52 43 52
CRP, C-reactive protein; IL-6, interleukin-6; VWF, von Willebrand factor. *Behavioral factors included smoking, alcohol consumption, physical
activity, and body mass index. Biological risk factors included systolic blood pressure, triglycerides, low-density lipoprotein cholesterol, and high-
density lipoprotein cholesterol. (Unadjusted PARF ) adjusted PARF)/unadjusted PARF · 100.
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for established cardiovascular risk factors (smoking, blood
pressure, lipids, and physical activity) made only a small
contribution to the relative social difference in CHD risk [35] –
inconsistencies between these studies in the effect of coronary
risk factors may be due to weaker social class differences in
cigarette smoking in the Danish study [35]. In the present
study, biological coronary risk factors, such as blood pressure,
HDL-C, LDL-C, and triglycerides, made little contribution,
reflecting their weak social class distribution; their potential to
reduce overall levels of coronary risk in older age, however, is
still important [36,37]. Novel cardiovascular risk factors (CRP,
IL-6, and VWF) explained an additional 10% of the relative
social inequalities in CHD risk. The contribution of these
inflammatory and hemostatic markers may reflect increased
morbidity and accumulation of adverse coronary risk factors
such as smoking, physical inactivity, dyslipidemia, and hyper-
tension, associated with ageing [17,18,38,39]. Taken together,
both health behaviors and novel risk factors together explained
about 55% of relative and about 60% of absolute social class
inequalities in CHD. Previous studies in older populations
have not investigated the possible contribution of novel
coronary risk factors, such as inflammatory markers, to
socioeconomic inequalities in CHD. The Womens Health
Study showed that, in middle-aged women, CRP and fibrin-
ogen explained little of the socioeconomic differences in
cardiovascular disease in addition to the effect of traditional
coronary risk factors [11]. In the Scottish Heart Health Study,
fibrinogen did not influence social differences in CHD in
middle-aged women, although it played a more important role
in men [14]. The role of other possible mechanisms, such as
oxidative stress, which has recently been hypothesized to be a
possible link between socioeconomic position and coronary
risk [40], was not investigated in the present study and needs
further exploration.
Results PARFs showed that behavioral risk factors also
made the largest contribution to reducing the population risk
for CHD attributable to manual social classes, and novel
coronary risk factors made some additional contribution. If
manual social classes had the same CHD risk as non-manual
groups, 12% of all CHD events could have been prevented.
This population risk attributable to social class differences
would be reduced to 7% if behavioral factors in manual social
classes were similar to those in non-manual groups – implying a
41% contribution of behavioral risk factors to the population
risk for CHD attributable to manual social classes.
Implications and conclusions
Socioeconomic inequalities in CHD risk are present at older
ages. Emerging coronary risk factors, to an extent, but
predominantly behavioral factors (particularly cigarette smok-
ing) are important determinants of social inequalities inCHDin
the elderly. The substantial contribution of emerging and
behavioral risk factors together to the absolute risk difference
between social classes in our results indicates their potentially
importantpublichealth impacton reducingCHDinequalities in
older people. Social inequalities in CHD in older age could be
narrowed by at least one-third through reductions in levels of
behavioral risk factors including cigarette smoking, BMI, and
physical inactivity – the potential of behavioral risk factors is
likely to be even greater given the likelihood of measurement
errors and failure to capture the role of risk factors across the life
course. These factors are also important because of their strong
influence on novel coronary risk factors such as inflammatory
markers [17,18,39], which additionally contributed to the social
inequalities in CHD. The wider social, cultural, political and
material societal context, along with disadvantaged socioeco-
nomic conditions across the life course, is known to be
important in the origin of adverse health behaviors [41]. Policy
efforts in improving levels of behavioral coronary risk factors
can significantly reduce the extent of social inequalities in heart
disease in older populations.
Acknowledgements
The views expressed in this publication are those of the authors
and not necessarily those of the funding bodies. The British
Regional Heart Study is a British Heart Foundation Research
Group. S. E.Ramsay is funded by aUKMRCSpecial Training
Fellowship in Health Services/Health of the Public Research.
Disclosure of Conflict of Interests
The authors state that they have no conflict of interest.
References
1 Allender S, Peto V, Scarborough P, Boxer A, Rayner M. Coronary
Heart Disease Statistics. London: British Heart Foundation, 2007.
2 Avendano M, Kunst AE, Huisman M, Lenthe FV, Bopp M, Regidor
E, Glickman M, Costa G, Spadea T, Deboosere P, Borrell C, Valko-
nen T, Gisser R, Borgan JK, Gadeyne S, Mackenbach JP. Socioeco-
nomic status and ischaemic heart disease mortality in 10 western
European populations during the 1990s. Heart 2006; 92: 461–7.
3 Huisman M, Kunst AE, Bopp M, Borgan JK, Borrell C, Costa G,
Deboosere P, Gadeyne S, Glickman M, Marinacci C, Minder C,
Regidor E, Valkonen T, Mackenbach JP. Educational inequalities
in cause-specific mortality in middle-aged and older men and women
in eight western European populations. Lancet 2005; 365: 493–
500.
4 Kaplan GA, Keil JE. Socioeconomic factors and cardiovascular dis-
ease: a review of the literature. Circulation 1993; 88: 1973–98.
5 Pocock SJ, Cook DG, Shaper AG, Phillips AN, Walker M. Social
class differences in ischaemic heart disease in British men. Lancet 1987;
330: 197–201.
6 Khang YH, Lynch J, Jung-Choi K, Cho HJ. Explaining age specific
inequalities in mortality from all causes, cardiovascular disease and
ischaemic heart disease among South Korean male public servants:
relative and absolute perspectives. Heart 2008; 94: 75–82.
7 van Rossum CTM, Shipley MJ, van de Mheen H, Grobbee DE,
Marmot MG. Employment grade differences in cause specific mor-
tality. A 25 year follow up of civil servants from the first Whitehall
study. J Epidemiol Community Health 2000; 54: 178–84.
8 Marmot MG, Bosma H, Hemingway H, Brunner E, Stansfeld S.
Contribution of job control and other risk factors to social variations
in coronary heart disease incidence. Lancet 1997; 350: 235–9.
Socioeconomic inequalities in coronary heart disease risk in older age 1785
 2009 International Society on Thrombosis and Haemostasis
9 Lynch J,DaveySmithG,HarperS,BainbridgeK.Explaining the social
gradient in coronary heart disease: comparing relative and absolute
risk approaches. J Epidemiol Community Health 2006; 60: 436–41.
10 Lowe GDO. Circulating inflammatory markers and risks of cardio-
vascular and non-cardiovascular disease. J Thromb Haemost 2005; 3:
1618–27.
11 AlbertMA,GlynnRJ, Buring J, Ridker PM. Impact of traditional and
novel risk factors on the relationship between socioeconomic status
and incident cardiovascular events. Circulation 2006; 114: 2619–26.
12 Koster A, Bosma H, Penninx BWJH, Newman AB, Harris TB, van
Eijk JT, Kempen GIJM, Simonsick EM, Johnson KC, Rooks RN,
Ayonayon HN, Rubin SM, Kritchevsky SB, for the Health ABC
Study. Association of inflammatory markers with socioeconomic sta-
tus. J Gerontol A Biol Sci Med Sci 2006; 61: 284–90.
13 Jousilahti P, Salomaa V, Rasi V, Vahtera E, Palosuo T. Association of
markers of systemic inflammation, C reactive protein, serum amy-
loid A, and fibrinogen, with socioeconomic status. J Epidemiol Com-
munity Health 2003; 57: 730–3.
14 Woodward M, Oliphant J, Lowe G, Tunstall-Pedoe H. Contribution
of contemporaneous risk factors to social inequality in coronary heart
disease and all causes mortality. Prev Med 2003; 36: 561–8.
15 Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F,
McQueen M, Budaj A, Pais P, Varigos J, Lisheng L. Effect of
potentially modifiable risk factors associated with myocardial infarc-
tion in 52 countries (the INTERHEART study): case-control study.
Lancet 2004; 364: 937–52.
16 Danesh J, Kaptoge S, Mann AG, Sarwar N, Wood A, Angleman SB,
Wensley F, Higgins JP, Lennon L, Eiriksdottir G, Rumley A, Whin-
cup PH, Lowe GD, Gudnason V. Long-term interleukin-6 levels and
subsequent risk of coronary heart disease: two new prospective studies
and a systematic review. PLoS Med 2008; 5: e78.
17 Wannamethee SG, Lowe GDO, Shaper AG, Rumley A, Lennon L,
Whincup PH. Associations between cigarette smoking, pipe/cigar
smoking, and smoking cessation, and haemostatic and inflammatory
markers for cardiovascular disease. Eur Heart J 2005; 26: 1765–73.
18 Wannamethee SG, Lowe GDO, Whincup PH, Rumley A, Walker M,
Lennon L. Physical activity and hemostatic and inflammatory vari-
ables in elderly men. Circulation 2002; 105: 1785–90.
19 Ramsay S, Lowe GDO, Whincup PH, Rumley A, Morris RW,
Wannamethee G. Relationships of inflammatory and haemostatic
markers with social class: results from a population-based study of
older men. Atherosclerosis 2008; 197: 654–61.
20 Danesh J,Wheeler JG,HirschfieldGM,Eda S, Eiriksdottir G,Rumley
A, Lowe GDO, Pepys MB, Gudnason V. C-reactive protein and other
circulating markers of inflammation in the prediction of coronary
heart disease. N Engl J Med 2004; 350: 1387–97.
21 Loucks EB, Sullivan LM, Hayes LJ, DAgostino RB Sr, Larson MG,
Vasan RS, Benjamin EJ, Berkman LF. Association of educational
level with inflammatory markers in the Framingham Offspring Study.
Am J Epidemiol 2006; 163: 622–8.
22 Lubbock LA, Goh A, Ali S, Ritchie J, Whooley MA. Relation of low
socioeconomic status to C-reactive protein in patients with coronary
heart disease (from the Heart and Soul Study). Am J Cardiol 2005; 96:
1506–11.
23 Schoenfeld D. Partial residuals for the proportional hazards regression
model. Biometrika 1982; 69: 239–41.
24 Efron B, Tibshirani RJ. An Introduction to the Bootstrap. London:
Chapman and Hall, 1993.
25 Emberson JR, Whincup PH, Morris RW, Walker M. Social class
differences in coronary heart disease in middle-aged British men:
implications for prevention. Int J Epidemiol 2004; 33: 289–96.
26 Grundy E, Holt G. The socioeconomic status of older adults: how
should we measure it in studies of health inequalities? J Epidemiol
Community Health 2001; 55: 895–904.
27 Chang CL, Marmot MG, Farley TMM, Poulter NR. The influence of
economic development on the association between education and the
risk of acute myocardial infarction and stroke. J Clin Epidemiol 2002;
55: 741–7.
28 Vorster HH, Kruger A, Venter CS, Margetts BM, Macintyre UE.
Cardiovascular disease risk factors and socio-economic position of
Africans in transition: the THUSA study. Cardiovasc J Afr 2007; 18:
282–9.
29 Stewart RA, North FM, Sharples KJ, Simes RJ, Tonkin AM, White
HD. Differences in cardiovascular mortality between Australia and
New Zealand according to socioeconomic status: findings from the
Long-Term Intervention with Pravastatin in Ischaemic Disease
(LIPID) Study. NZ Med J 2008; 121: 11–23.
30 Tillin T, Chaturvedi N, Forouhi NG, Smith GD, McKeigue PM.
Cardiovascular disease mortality in relation to childhood and adult-
hood socioeconomic markers in British South Asian men.Heart 2008;
94: 476–81.
31 Gruenewald TL, Cohen S, Matthews KA, Tracy R, Seeman TE.
Association of socioeconomic status with inflammation markers in
black and white men and women in the Coronary Artery Risk
Development in Young Adults (CARDIA) study. Soc Sci Med 2009;
69: 451–9.
32 Dragano N, Verde PE, Moebus S, Stang A, Schmermund A,
Roggenbuck U,Mohlenkamp S, Peter R, Jockel KH, Erbel R, Siegrist
J. Subclinical coronary atherosclerosis is more pronounced in men and
womenwith lower socio-economic status: associations in a population-
based study. Coronary atherosclerosis and social status. Eur J
Cardiovasc Prev Rehabil 2007; 14: 568–74.
33 Sundquist K, Johansson SE, Qvist J, Sundquist J. Does occupational
social class predict coronary heart disease after retirement? A 12-year
follow-up study in Sweden. Scand J Public Health 2005; 33: 447–
54.
34 Lawlor DA, Ebrahim S, Davey Smith G. Adverse socioeconomic
position across the lifecourse increases coronary heart disease risk
cumulatively: findings from the British womens heart and health
study. J Epidemiol Community Health 2005; 59: 785–93.
35 Suadicani P, Hein HO, Gyntelberg F. Strong mediators of social
inequalities in risk of ischaemic heart disease: a six-year follow-up in
the Copenhagen Male Study. Int J Epidemiol 1997; 26: 516–22.
36 Prospective Studies Collaboration. Age-specific relevance of usual
blood pressure to vascularmortality: ameta-analysis of individual data
for one million adults in 61 prospective studies. Lancet 2002; 360:
1903–13.
37 Prospective Studies Collaboration. Blood cholesterol and vascular
mortality by age, sex, and blood pressure: a meta-analysis of individual
data from 61 prospective studies with 55 000 vascular deaths. Lancet
2007; 370: 1829–39.
38 Ferrucci L, Corsi A, Lauretani F, Bandinelli S, Bartali B, Taub DD,
Guralnik JM, Longo DL. The origins of age-related proinflammatory
state. Blood 2005; 105: 2294–9.
39 Fredrikson GN, Hedblad B, Nilsson JA, Alm R, Berglund G, Nilsson
J. Association between diet, lifestyle, metabolic cardiovascular risk
factors, and plasma C-reactive protein levels. Metabolism 2004; 53:
1436–42.
40 Janicki-Deverts D, Cohen S, Matthews KA, Gross MD, Jacobs
DR Jr. Socioeconomic status, antioxidant micronutrients, and
correlates of oxidative damage: the Coronary Artery Risk Develop-
ment in Young Adults (CARDIA) study. Psychosom Med 2009; 71:
541–8.
41 Krieger N. Introduction: embodiment, inequality and epidemiology:
what are the connections? In: Krieger N, ed. Embodying Inequality
Epidemiologic Perspectives. New York: Baywood Publishing Com-
pany, Inc., 2005; 1–10.
1786 S. E. Ramsay et al
 2009 International Society on Thrombosis and Haemostasis
